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[57] ABSTRACT 

European Pat. O?". . 
European Pat. O?. . 
European Pat. O?. . 
Germany . 

For manufacturing a superconducting thin ?lm having at 
least one non-superconducting region at and near its surface 
portion, an oxide superconductor thin ?lm is formed on a 
surface of the substrate. The oxide superconductor thin ?lm 
is heated in high vacuum environment so that oxygen of the 
oxide superconductor crystals escapes from the surface of 
the oxide superconductor thin ?lm and a surface portion of 
the oxide superconductor thin ?lm having a substantial 
thickness changes into non-superconducting layer of a com 
pound oxide which is composed of the same constituent 
elements as those of the oxide superconductor but includes 
the oxygen amount less than that of the oxide superconduc 
tor and a thin superconducting channel is formed under the 
non-superconducting layer. A portion of the non-supercon 
ducting layer, which will become the non-superconducting 
region is selectively masked, and heated in an oxidation 
atmosphere so that oxygen penetrates into the non-super 
conductor layer from exposed surface and the compound 
oxide of the exposed portion of the non-superconductor 
layer changes into the oxide superconductor which is elec 
tiically connected to the superconducting channel. 

22 Claims, 4 Drawing Sheets 
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METHOD FOR MANUFACTURING 
SUPERCONDUCTING THIN FILM FORMED 
OF OXIDE SUPERCONDUCTOR HAVING 
NON SUPERCONDUCTING REGION AND 

DEVICE UTILIZING THE 
SUPERCONDUCTING THIN FILM 

This application is a division of application Ser. No. 
07/936,668, ?led Aug. 28, 1992, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the invention 
The present invention relates to a method for manufac 

turing a superconducting thin ?lm, to a method for manu 
facturing a superconducting device and a superconducting 
thin ?lm, and more speci?cally to a method for manufac 
turing a superconducting thin ?lm having a non-supercon 
ducting region, such as an insulating layer, in it, a method for 
manufacturing a superconducting device which utilizes the 
superconducting thin ?lm and the superconducting thin ?lm 
manufactured thereby. 

2. Description of related art 
In order to produce superconducting devices which utilize 

- an oxide superconductor, it is necessary to form an oxide 
superconductor thin ?lm. For example, in order to prepare a 
tunnel type Josephson device which consists of SIS (super 
conductor-insulator-superconductor) junction, it is neces 
sary to form a stacked structure which includes a ?rst oxide 
superconductor thin ?lm, an insulator thin ?lm stacked on 
the ?rst oxide superconductor thin ?lm and a second oxide 
superconductor thin ?lm stacked on the insulator ?lm. 
Thickness of the insulator thin ?lm of this SIS junction is 
determined by coherence length of the superconductor. 
Since an oxide superconductor has extremely short coher 
ence length, the thickness of the insulator thin ?lm of an SIS 
junction which utilizes an oxide superconductor should be 
less than few nanometers. 

In the prior art, there has been proposed a three-terminal 
superconducting device having a channel of a superconduc 
tor formed between a source electrode and a drain electrode, 
so that a current ?owing through the superconducting chan 
nel is controlled by a voltage applied to a gate electrode 
formed above the superconducting channel. - 

In order to control the current ?owing through the super 
conducting channel by the voltage applied to the gate 
electrode, the superconducting channel of the above three 
terrninal superconducting device, so called super-PET, 
should be formed of an extremely thin superconductor ?lm. 
Thickness of the extremely thin superconductor thin ?lm is 
favorably about 5 nanometers, when the superconducting 
channel is formed of an oxide superconductor thin ?lm. A 
gate insulator is often insertedbetween the superconducting 
channel and the gate insulator. 

Both of the above mentioned tunnel type Josephson 
device and super-FET have a portion in which a supercon 
ducting l'ayer and a insulator layer are stacked to each other. 
When the insulator layer is deposited on a portion of the 
superconductor layer, a photoresist is mainly used in order 
to mask portions on which the insulator layer should not be 
deposited. The photoresist is removed ultimately, however, 
fragments of the photoresist may remain so that the surface 
of the superconducting layer is contaminated. In case of 
oxide superconductor thin ?lm, photoresist remover may 
react on the oxide superconductor thin ?lm so that the 
surface of the oxide superconductor thin ?lm loses its 

15 

20 

25 

30 

45 

50 

55 

65 

2 
superconductivity and is also roughened. 

If another thin ?lm is deposited on the contaminated 
surface of the above oxide superconductor thin ?lm, it is 

, dif?cult to deposit crystalline thin ?lm on this contaminated 
surface. Therefore, a stacked structure in which thin ?lms 
are successively deposited on the oxide superconductor thin 
?lm does not have desired properties so that it is di?icult to 
use the stacked structure including the oxide superconductor 
thin ?lm for superconducting device. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a method for manufacturing a superconducting thin . 
?lm, which have overcome the above mentioned defects of 
the conventional ones. 

Another object of the present invention is to provide a 
method for manufacturing a superconducting device, which 
have overcome the above mentioned defects of the conven 
tional ones. 

Still another object of the present invention is to provide 
a superconducting thin ?lm, which have overcome the above 
mentioned defects of the conventional ones. 

The above and other objects of the present invention are 
achieved in accordance with the present invention by a 
method for manufacturing a superconducting thin ?lm hav 
ing at least one non-superconducting region at and near its 
surface portion, the method comprising the step of fomiing' 
on a surface of the substrate an oxide superconductor thin 
?lm, heating the oxide superconductor thin ?lm in high 
vacuum environment so that oxygen of the oxide supercon 
ductor crystals escapes from the surface of the oxide super 
conductor thin ?lm and a surface portion of the oxide 
superconductor thin ?lm having a substantial thickness 
changes into non-superconducting layer of a compound 
oxide which is composed of the same constituent elements 
as those of said oxide superconductor but includes the 
oxygen amount less than that of said oxide superconductor 
and a thin superconducting channel is formed under the 
non-superconducting layer, selectively masking a portion of 
the non-superconducting layer which will become the non 
superconducting region, and heating the non-superconduct 
ing layer in an oxidation atmosphere so that oxygen pen 
etrates into the non-superconductor layer from exposed 
surface and the compound oxide of the exposed portion of 
the non-superconductor layer changes into the oxide super 
conductor which is electrically connected to the supercon 
ducting channel. 

In a preferred embodiment, the oxide superconductor thin 
?lm is heated at a temperature ranging from 350° to 400° C. 
in order to change its surface portion into the non-super 
conducting layer. Oxygen of an oxide superconductor crys 
tals immigrates best at temperatures ranging from 350° to 
400° C. Therefore, it is preferable to heat the oxide super 
conductor thin ?lm at a temperature ranging from 350° to 
400° in order to shorten the process time. If the oxide 
superconductor thin ?lm is heated at a temperature higher 
than 400° C., the oxide superconductor may be decomposed 
so that it does not show the superconductivity again when 
oxygen is supplied. In addition, if the heat treatment is 
carried out at a temperature ranging from 350° to 400° C., 
it is easy to control the thickness of the non-superconducting 
layer by the process time. The preferable pressure of the heat 
treatment is not higher than 1x10‘9 Torr. 

It is also preferable that the non-superconducting layer is 
heated at a temperature ranging from 350° to 400° C. in 
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order to change the portion of the non-superconducting layer 
into the oxide superconductor. In this case, the pressure of 
02 is preferably selected within a range of 0.1 to 100 mTorr. 
On the other hand, if an oxide superconductor thin ?lm is 

formed on the non-superconducting layer, the superconduc 
tivity is recovered. Namely, forming an oxide superconduc 
tor thin ?lm on the nonsuperconducting layer has a same 
eifect as that of the above mentioned heat treatment. 

In a preferred embodiment, the oxide superconductor thin 
?lm is a c-axis orientated oxide superconductor thin ?lm. 
Since the c-axis orientated thin ?lm has a large critical 
current density in the direction in parallel to the substrate 
surface. 

It is desired that the abovementioned oxide superconduc 
tor is a high-Tc (high critical temperature) oxide supercon 
ductor. This high-Tc oxide superconductor has been studied 
by many researchers since the discovery of Bednorz and 
Miiller in 1986, and is said to indicate oxide superconductor 
having a critical temperature of not less than 30K. More 
speci?cally, the oxide superconductor is a high-TC copper 
oxide type compound oxide superconductor including a 
Y——Ba—Cu—O type compound oxide superconductor, a 
Bi—Sr~Ca—Cu—O type compound oxide superconductor 
and a Tl—Ba—Ca—Cu—O type compound oxide super 
conductor. 

In addition, the substrate, on which the oxide supercon 
ductor layer is deposited, can be formed of an insulating 
substrate, preferably an oxide single crystalline substrate 
such as MgO, SrTiO3, CdNdAlO4, etc. These substrate 
materials are very effective in forming or growing a crys 
talline ?lm having a high quality superconductivity. How 
ever, the superconducting ?lms can be formed on a semi 
conductor substrate if an appropriate buffer layer is 
deposited thereon. For example, the buffer layer on the 
semiconductor substrate can be formed of a double-layer 
coating formed of a MgAlO4 layer and a BaTiO3 layer if 
silicon is used as a substrate. 

According to another aspect of the present invention, 
there is provided a method for manufacturing a supercon 
ducting device, the method comprising the step of forming 
on a surface of the substrate a ?rst oxide superconductor thin 
?lm, heating the ?rst oxide superconductor thin ?lm in high 
vacuum environment so that oxygen of the oxide supercon 
ductor crystals escapes from the surface of the ?rst oxide 
superconductor thin ?lm and a surface portion of the ?rst 
oxide superconductor thin ?lm having a substantial thick 
ness changes into non-superconducting layer of a compound 
oxide which is composed of the same constituent elements 
as those of said oxide superconductor but includes the 
oxygen amount less than that of said oxide superconductor 
and a thin superconducting channel is formed under the 
non-superconducting layer, forming a metal electrode on a 
portion of the non-superconducting layer, and forming a 
second oxide superconductor thin ?lm of the said oxide 
superconductor on the exposed portion of the non-supercon 
ducting layer so that oxygen penetrates into the non-super 
conductor layer from exposed surface and the compound 
oxide of the exposed portion of the non-superconductor 
layer changes into a superconducting region of said oxide 
superconductor and the second oxide superconductor thin 
?lm is electrically connected to the superconducting channel 
with the recovered superconducting region. 

According to a third aspect of the present invention, there 
is provided a method for manufacturing a superconducting 
device, the method comprising the step of forming on a 
surface of the substrate a c-axis orientated oxide supercon 
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4 
ductor thin ?lm, heating the c-axis orientated oxide super 
conductor thin ?lm in high vacuum environment so that 
oxygen of the oxide superconductor crystals escapes from 
the surface of the c-axis orientated oxide superconductor 
thin ?lm and a surface portion of the ?rst oxide supercon 
ductor thin ?lm having a substantial thickness changes into 
non-superconducting layer of a compound oxide which is 
composed of the same constituent elements as those of said 
oxide superconductor but includes the oxygen amount less 
than that of said oxide superconductor and a thin supercon 
ducting channel is formed under the non-superconducting 
layer, forming a insulator layer and a metal layer stacked on 
the insulator layer, etching the metal layer and the insulator 
layer so that a gate electrode stacked on a gate insulator is 
formed on a center portion of the non-superconducting layer, 
forming insulator members at the both sides of the gate 
electrode, and forming an a-axis orientated oxide supercon 
ductor thin ?lm on the exposed portion of the non-super 
conducting layer so that oxygen penetrates into the non 
superconductor layer from exposed surfaces and the 
compound oxide of the exposed portion of the non-super 
conductor layer change into superconducting regions of said 
oxide superconductor while the a-axis orientated oxide 
superconductor thin ?lm is deposited and a superconducting 
source region and a superconducting drain region which are 
isolated from the gate electrode and electrically connected to 
each other with the recovered superconducting regions and 
the superconducting channel are formed beneath the gate 
electrode. 

According to still another aspect of the present invention, 
there is provided a superconducting thin ?lm formed on a 
substrate, comprising at least one superconducting region of 
an oxide superconductor, at least one insulating region of a 
compound oxide which is composed of the same constituent 
elements as those of said oxide superconductor but includes 
the oxygen amount less than that of said oxide supercon 
ductor at and near a surface portion having a substantial 
thickness and a superconducting channel of said oxide 
superconductor under the non-superconducting surface por 
tion. 

In a preferred embodiment, the superconducting region 
forms a superconducting path or a superconducting circuit. 

According to another aspect of the present invention, 
there is provided a superconducting device comprising a 
substrate, an extremely thin superconducting channel 
formed of an oxide superconductor thin ?lm on the principal 
surface of the substrate, three superconducting regions of a 
relatively thick thickness formed of the oxide superconduc 
tor on the superconducting channel separated from each 
other but electrically connected through the superconducting 
channel, so that a superconducting current can ?ow through 
the superconducting channel between a pair of the super 
conducting regions, and two gate electrodes through gate 
insulators formed of the same constituent atoms of the 
superconductor and arranged on the superconducting chan 
nel for controlling the superconducting current ?owing 
through the superconducting channel. 

According to another aspect of the present invention, 
there is provided a superconducting device comprising a 
substrate, an extremely thin superconducting channel 
formed of an oxide superconductor thin ?lm on the principal 
surface of the substrate, a superconducting source region and 
a superconducting drain region of a relatively thick thick 
ness formed of the oxide superconductor on the supercon 
ducting channel separated from each other but electrically 
connected through the superconducting channel, so that a 
superconducting current can ?ow through the superconduct 
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ing channel between the superconducting source region and 
the superconducting drain region, a gate electrode through a 
gate insulator formed of the same constituent atoms of the 
superconductor and arranged on the superconducting chan 
nel for controlling the superconducting current ?owing 
through the superconducting channel, and a insulating 
region which surrounds the gate electrode so that the gate 
electrode is electrically isolated from the superconducting 
channel, the superconducting source region and the super 
conducting drain region. 
The above and other objects, features and advantages of 

the present invention will be apparent from the following 
description of preferred embodiments of the invention with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to IE are diagrammatic sectional views for 
illustrating a ?rst embodiment of the process in accordance 
with the present invention for manufacturing the supercon 
ducting thin ?lm; 

FIGS. 2A to 2E are diagrammatic sectional views for 
illustrating a second embodiment of the process in accor 
dance with the present invention for manufacturing the 
superconducting device; and 

FIGS. 3A to 3H are diagrammatic sectional views for 
illustrating a third embodiment of the process in accordance 
with the present invention for manufacturing the super-PET. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

Referring to FIGS. 1A to IE, a ?rst embodiment of the 
process in accordance with the present invention for manu 
facturing the superconducting thin ?lm will be described. 
As shown in FIG. 1A, there is prepared a substrate 1 

having an Y,BaQCu3O7_5 oxide superconductor thin ?lm 2 
formed on its principal surface thereof. A c-axis orientated 
thin ?lm is preferably deposited, since the c-axis orientated 
thin ?lm has a large critical current density in the direction 
in parallel to the substrate surface. 

The Y1Ba2Cu3O7_8 oxide superconductor thin ?lm 2 
having a thickness of for example 400 nanometers is depos 
ited on the principal surface of the substrate 1 by for 
example an o?-axis sputtering, a reactive evaporation, an 
MBE (molecular beam epitaxy), a CVD, etc. The condition 
of forming the c-axis orientated Y1Ba2Cu-3O-,_5 oxide super 
conductor thin ?lm 2 by off-axis sputtering was as follows: 

Sputtering Gas Ar: 90% 
O2: 10% 

Total pressure ,5 x 10‘2 Torr 
Temperature of the substrate 700° C. 

Then the Y1Ba2Cu3O7_a oxide superconductor thin ?lm 2 
is heated at a temperature of 375° C. in high vacuum 
environment under the background pressure of less than 
1x10‘9 Torr. The condition of the heat-treatment was as 
follows: 

Pressure <1 x 10‘9 Torr 
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-continued 

375° C. 
10 minutes 

Temperature of the substrate 
Heating duration 

After the heat-treatment, the surface portion having a 
thickness of 15 nanometers of the Y1Ba2Cu3OH; oxide 
superconductor thin ?lm 2 is changed into a non-supercon 
ducting layer 21 formed of Y,Ba2Cu3O7_e (5<e<7) non 
superconducting oxide, as shown in FIG. 13. Lower portion 
of the YIBaQCuSOH; oxide superconductor thin ?lm 2 
becomes a superconducting channel 20. 

Thereafter, as shown in FIG. 1C, photoresist layers 41, 42 
and 43 are formed on the Y1Ba2Cu3O-,_5 oxide supercon 
ductor thin ?lm 2, namely on the non-superconducting layer 
21, separately from each other. Then the Y1Ba2Cu3O7_5 
oxide superconductor thin ?lm 2 is heated at a temperature 
of 375° C. in an oxygen atmosphere. The condition of the 
heat-treatment was as follows: 

Pressure of O2 1 x 10'2 Torr 
Temperature of the substrate 375° C. 
Heating duration 10 minutes 

During the heat treatment, oxygen penetrates into the 
exposed surface portions 25 and 26 of the non-supercon 
ducting layer 21 so that the Y1Ba2Cu3O7_E non-supercon 
ducting oxide of the portions changes into the 
Y1Ba2Cu3O7_5 oxide superconductor. After the heat treat 
ment, the portions 211, 212 and 213 under the photoresist 
layers 41, 42 and 43 remain non-superconducting, and the 
surface superconducting portions 25 and 26 connect to the 
superconducting channel 20, as shown in FIG. 1D. The 
recovered superconducting portions 25 and 26 are patterned 
into arbitrary shapes by forming the photoresist layers 41, 42 
and 43 into the reciprocal shapes so that the Y1Ba2Cu3O-,_5 
oxide superconductor thin ?lm 2 has a superconducting 
contact region at the surface. 

Finally, as shown in FIG. 1E, the photoresist layers 41, 42 
and 43 are removed, if necessary, and the superconducting 
thin ?lm is completed. In this connection, it is preferable that 
the method for removing the photoresist layers 41, 42 and 43 
does not affect the Y1Ba2Cu3O7_8 oxide superconductor, for 
example a dry etching process. 
The surface superconducting portions 25 and 26 of the 

Y1Ba2Cu3O-,_6 oxide superconductor thin ?lm 2 manufac 
tured in accordance with the present invention is not 
degraded, since no photoresist layer is formed on the por 
tions. Therefore, both the superconducting channel 20 and 
the surface superconducting portions 25 and 26 of the 
Y1Ba2Cu3O7_5 oxide superconductor thin ?lm 2 have high 
quality superconductivity. 
As explained above, if the superconducting thin ?lm is 

manufactured in accordance with the above mentioned pro 
cess, a superconducting pattern can be formed without 
spoiling the superconductivity of the oxide superconductor. 
Accordingly, it is easy to manufacture the superconducting 
pattern with good repeatability, and the manufactured super 
conducting pattern has stable characteristics. 

Embodiment 2 

Referring to FIGS. 2A to 2E, a second embodiment of the 
process in accordance with the present invention for manu 
facturing the superconducting device will be described. 
As shown in FIG. 2A, there is prepared a substrate 1 
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having an Y1Ba2Cu3O7_8 oxide superconductor thin ?lm 2, 
similar to the substrate 1 and the Y1Ba2Cu3O7_5 oxide 
superconductor thin ?lm 2 of the Embodiment l. The 
Y1Ba2Cu3O7_5 oxide superconductor thin ?lm 2 having a 
thickness of for example 20 nanometers is deposited on the 
principal surface of the substrate 1 by for example an 
otf-axis sputtering. The oiT-axis sputtering is performed 
under the same condition as that of the Embodiment 1. 

Then the Y1Ba2Cu3O7_,-, oxide superconductor thin ?lm 2 
is heated at a temperature of 375° C. under high vacuum of 
less than 1X10_9 Torr. The condition of the heat-treatment is 
same as that of the Embodiment 1. 

After the heat-treatment, the surface portion having a 
thickness of 15 nanometers of the YIBaZCuBOHs oxide 
superconductor thin ?lm 2 is changed into a non-supercon 
ducting layer 21 formed of Y1Ba2Cu3O-,_€ (8<e<7) non 
superconducting oxide, as shown in FIG. 2B. Lower portion 
of the Y1Ba2Cu3O7_5 oxide superconductor thin ?lm 2 
becomes a superconducting channel 20. 

Thereafter, as shown in FIG. 2C, photoresist layers 41, 42 
and 43 are formed on the Y1Ba2Cu3O7_5 oxide supercon 
ductor thin ?lm 2, namely on the non-superconducting layer 
21, separately from each other. 

Then, Au layer is deposited on the Y1Ba2Cu3O7_5 oxide 
superconductor thin ?lm 2 by a vacuum evaporation 
method. After then, the photoresist layers 41, 42 and 43 are 
removed so that gate electrodes 51 and 52 are formed on the 
non-superconducting layer 21, as shown in FIG. 2D. The 
non-superconducting layer 21 is little degraded by a photo 
resist developer and photoresist remover during the process. 

Finally, a Y1Ba2Cu3O7_5 oxide superconductor thin ?lm is 
deposited on the non-superconducting layer 21 by an 011‘ 
axis sputtering so that superconducting regions 31, 32 and 
33 are formed, as shown in FIG. 2E. This Y1Ba2Cu3O7_5 
oxide superconductor thin ?lm is preferably a-axis orien 
tated. While the Y,Ba2Cu3O7_8 oxide superconductor thin 
?lm is deposited, oxygen penetrates into portions of the 
non-superconducting layer 21 excluding portions under the 
gate electrode 51 and 52. The Y1Ba2Cu3O-,_E portions 31, 32 
and 33 of the non-superconducting layer 21, into which 
oxygen penetrates, changes into the Y,BaQCu3O7_5 oxide 
superconductor so that gate insulators are formed only under 
the gate electrodes 51 and 52 and the superconducting 
regions 31, 32 and 33 are electrically connected to the 
superconducting channel 20. 

Then, Y1Ba2Cu3O7_5 oxide superconductor thin ?lms 
deposited on the gate electrodes 51 and 52 are removed so 
that the superconducting device has a planar surface, if 
necessary. 

In the superconducting device manufactured by the above 
mentioned process, the superconducting current ?owing 
through the superconducting channel 20 between the super 
conducting region 31 and 32 is controlled by a voltage 
applied to the gate electrode 51, and the superconducting 
current ?owing through the superconducting channel 20 
between the superconducting region 32 and 33 is controlled 
by a voltage applied to the gate electrode 52. Therefore, the 
superconducting device constitutes a kind of super-FET. 
As explained above, if the above mentioned super-FET is 

manufactured in accordance with the above mentioned pro 
cess, it becomes easy to form the stacked structure in which 
the gate insulator is stacked on the superconducting channel 
formed of an oxide superconductor thin ?lm. In addition, 
since the upper surface of the superconductor thin ?lm is 
planaiized, it become easy to form conductor wirings in a 
later process. Accordingly, it is easy to manufacture the 

15 

20 

25 

30 

35 

45 

50 

55 

65 

8 
super-FET with good repeatability, and the manufactured 
super-FET has a stable performance. 

Embodiment 3 

Referring to FIGS. 3A to 3H, a third embodiment of the 
process in accordance with the present invention for manu 
facturing the super-FET will be described. 
As shown in FIG. 3A, there is prepared a substrate 1, 

similar to the substrate 1 of the Embodiment 1. 

As shown in FIG. 3B, a c-axis orientated Y1Ba2Cu3O7_8 
oxide superconductor thin ?lm 2 having a thickness of for 
example 20 nanometers is deposited on the principal surface 
of the substrate 1 by for example an off-axis sputtering. The 
off-axis sputtering is performed under the same condition as 
that of the Embodiment 1. 

Then the Y1Ba2Cu3O7_5 oxide superconductor thin ?lm 2 
is heated at a temperature of 375° C. under high vacuum of 
less than 1X10“9 Torr. The condition of the heat-treatment is 
same as that of the Embodiment 1. 

After the heat-treatment, the surface portion having a 
thickness of 15 nanometers of the Y1Ba2Cu3O7_5 oxide 
superconductor thin ?lm 2 is changed into a non-supercon 
ducting layer 21 formed of Y1Ba2Cu3O7_e (5<e<7) non 
superconducting oxide, as shown in FIG. 3C. Lower portion 
of the Y1Ba2Cu3O7_5 oxide superconductor thin ?lm 2 
becomes a superconducting channel 20. 

Thereafter, as shown in FIG. 3D, a Si3N4 thin ?lm 90 is 
deposited on the Y1Ba2Cu3O7_5 oxide superconductor thin 
?lm 2, namely on the non-superconducting layer 21. While 
the Si3N4 thin ?lm 90 is deposited, Si di?‘uses into the 
non-superconducting layer 21. However, the quantity of the 
diffusing Si is slight so that the di?°using Si does not aifect 
the non-superconducting layer 21. Instead of Si3N4, SiO2 
can also be used. 

Then, an Au ?lm 50 is deposited on the Si3N4 thin ?lm 90 
by a vacuum evaporation method, as shown in FIG. 3E. The 
Au ?lm 50 and the Si3N4 thin ?lm 90 are selectively etched 
so as remove all of the Au ?lm 50 and the Si3N4 thin ?lm 
90 excluding a portion which becomes a gate electrode 5 and 
a gate insulator by an unisotropic etching process, for 
example a reactive ion etching process or an ion milling 
using Ar-ions, as shown in FIG. 3F. 

After then, side insulating members 91 and 92 of Si3N4 
are formed at the both sides of the gate electrode 5, as shown 
in FIG. 36. Finally, an a-axis orientated Y1Ba2Cu3OHs 
oxide superconductor thin ?lm having a thickness of 800 
nanometers is deposited on the non-superconducting layer 
21 by an o?-axis sputtering so that a superconducting source 
region 3 and a superconducting drain region 4 are formed, 
as shown in FIG. 3H. 

The condition of forming the a-axis orientated 
Y,Ba2Cu3O7_zs oxide superconductor thin ?lm by oif-axis 
sputtering was as follows: 

Sputtering Gas Ar: 90% 
O2: 10% 

Total pressure 5 X 10-2 Torr 
Temperature of the substrate 630° C. 

While the a-axis orientated Y1Ba2Cu3O7_s oxide super 
conductor thin ?lm is deposited, oxygen penetrates into 
portions of the non-superconducting layer 21 excluding 
portions under the gate electrode 5. The c-axis orientated 
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Y1Ba2Cu3O7_e portions of the non-superconducting layer 
21, into which oxygen penetrates, changes into the 
Y1Ba2Cu3O7_5 oxide superconductor so that gate insulators 
are formed only under the gate electrode 5 and the super 
conducting source region 3 and superconducting drain 
region 4 are electrically connected to the superconducting 
channel 20. 

Then, the a-axis orientated Y1Ba2Cu3O7_5 oxide super 
conductor thin ?lms deposited on the gate electrode 5 is 
removed so that the superconducting device has a planar 
surface, if necessary. 
As explained above, if the above mentioned super-FET is 

manufactured in accordance with the above mentioned pro 
cess, it becomes easy to form the stacked structure in which 
the gate insulator is stacked on the superconducting channel 
formed of an oxide superconductor thin ?lm. In addition, 
since the upper surface of the superconductor thin ?lm is 
planarized, it become easy to form conductor wirings in a 
later process. Accordingly, it is easy to manufacture the 
super-PET with good repeatability, and the manufactured 
super-FET has a stable performance. 

In the above mentioned embodiments, the oxide super 
conductor thin ?lm can be formed of not only the Y—Ba— 
Cu-—O type compound oxide superconductor material, but 
also a high-TC (high critical temperature) oxide supercon 
ductor material, particularly a high-Tc‘ copper-oxide type 
compound oxide superconductor material, for example a 
Bi—Sr—Ca—Cu—-O type compound oxide superconductor 
material, and a Tl—Ba-—Ca——-Cu—0 type compound oxide 
superconductor material. 
The invention has thus been shown and described with 

reference to the speci?c embodiment. However, it should be 
noted that the present invention is in no way limited to the 
details of the illustrated structures but converts and modi 
?cations may be made within the scope of the appended 
claims. 
We claim: 
1. A method for manufacturing a superconducting thin 

?lm having at least one non-superconducting region at and 
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2. A method claimed in claim 1 wherein the oxide 

superconductor thin ?lm is heated at a temperature ranging 
from 350° to 400° C. in order to change its surface portion 
into the non-superconducting layer. 

3. A method claimed in claim 1 wherein the oxide 
superconductor thin ?lm is heated under a pressure of less 
than 1X10_9 Torr in order to change its surface portion into 
the non-superconducting layer. 

4. A method claimed in claim 1 wherein the non-super 
conducting layer is heated at a temperature ranging from 
350° to 400° C. in order to change the portion of the 
non-superconducting layer into the oxide superconductor. 

5. A method claimed in claim 1 wherein the non-super 
conducting layer is heated in an oxidation atmosphere of 
which partial pressure of O2 is selected within a range of 0.1 
to 100 mTorr. 

6. A method claimed in claim 1 wherein the oxide 
superconductor thin ?lm is a c-axis orientated oxide super 
conductor thin ?lm. ‘ 

7. A method claimed in claim 1 wherein the oxide 
superconductor is formed of high-TC (high critical tempera 
ture) oxide superconductor. 

8. A method claimed in claim 1 wherein the oxide 
superconductor is formed of oxide superconductor material 
selected from the group consisting of a Y—Ba—Cu——-O 
type compound oxide superconductor material, a Bi—-Sr— 
Ca—Cu—O type compound oxide superconductor material, 
and a T1—Ba—Ca—Cu—O type compound oxide super 
conductor material. 

9. A method claimed in claim 1 wherein the substrate is 
formed of a material selected from the group consisting of 
a MgO (100) substrate, a Sr'I‘lO3 (100) substrate, a CdN 
dAlO4 (001) substrate and a semiconductor substrate. 

10. A method claimed in claim 9 wherein the substrate is 
formed of a silicon substrate and a principal surface of the 
silicon substrate is coated with an insulating material layer 

' which is formed of a MgAlO4 layer and a BaTiO3 layer. 

near its surface portion, the method comprising the steps of: 40 
forming on a surface of a substrate a thin ?lm of an oxide 

superconductor that comprises oxide superconductor 
crystals, 

heating the oxide superconductor thin ?lm in high 
vacuum environment so that oxygen of the oxide 
superconductor crystals of the oxide superconductor 
thin ?lm escapes from the surface of the oxide super 
conductor thin ?lm and a surface portion of the oxide 
superconductor thin ?lm having a substantial thickness 
changes into a non-superconducting layer of a com 
pound oxide which is composed of the same constituent 
elements as the oxide superconductor but which 
includes an amount of oxygen less than that of the 
oxide superconductor, ‘thereby forming a thin super 
conducting channel under the non-superconducting 
layer, 

selectively masking a portion of the non-superconducting 
layer which will become a non-superconducting region, 
and 

heating the masked non-superconducting layer in an oxi~ 
dation atmosphere so that oxygen penetrates into an 
exposed portion of the non-superconductor layer and 
the compound oxide of the exposed portion of the 
non-superconductor layer changes into oxide supercon 
ductor which is electrically connected to the supercon 
ducting channel. 
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11. A method for manufacturing a superconducting 
device, the method comprising the steps of: 

forming on a surface of a substrate a ?rst thin ?lm of an 
oxide superconductor that comprises oxide supercon 
ductor crystals, 

heating the ?rst oxide superconductor thin ?lm in high 
vacuum environment so that oxygen of the oxide 
superconductor crystals of the oxide superconductor 
thin ?lm escapes from the surface of the oxide super 
conductor thin ?lm and a surface portion of the oxide 
superconductor thin ?lm having a substantial thickness 
changes into a non-superconducting layer of a com 
pound oxide which is composed of the same constituent 
elements as the oxide superconductor but which 
includes an amount of oxygen less than that of the 
oxide superconductor, thereby forming a thin super 
conducting channel under the non-superconducting 
layer, 

forming a metal electrode on a portion of the non 
superconducting layer, and 

forming a second thin ?lm of the oxide superconductor on 
an exposed portion of the non-superconducting layer so 
that oxygen penetrates into the exposed portion of the 
non-superconductor layer and the compound oxide of 
the exposed portion of the non-superconductor layer 
changes into a superconducting region of the oxide 
superconductor and the second oxide superconductor 
thin ?lm is electrically connected to the superconduct 
ing channel through the superconducting region. 

12. A method claimed in claim 11 wherein the ?rst oxide 
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superconductor thin ?lm is a c-axis orientated oxide super 
conductor thin ?lm and the second oxide superconductor 
thin ?lm is an a-axis orientated oxide superconductor thin 
?lm. 

13. A method for manufacturing a superconducting 
device, the method comprising the step of forming on a 
surface of the substrate a c-axis orientated oxide supercon 
ductor thin ?lm, heating the c-axis orientated oxide super 
conductor thin ?lm in high vacuum environment so that 
oxygen of the oxide superconductor crystals escapes from 
the surface of the c-axis orientated oxide superconductor 
thin ?lm and a surface portion of the ?rst oxide supercon 
ductor thin ?lm having a substantial thickness changes into 
non-superconducting layer of a compound oxide which is 
composed of the same constituent elements as those of said 
oxide superconductor but includes the oxygen amount less 
than that of said oxide superconductor and a thin supercon 
ducting channel is formed under the non-superconducting 
layer, forming a insulator layer and a metal layer stacked on 
the insulator layer, etching the metal layer and the insulator 
layer so that a gate electrode stacked on a gate insulator is 
formed on a center portion of the non-superconducting layer, 
forming insulator members at the both sides of the gate 
electrode, and forming an a-axis orientated oxide supercon 
ductor thin ?lm on the exposed portion of the non-super 
conducting layer so that oxygen penetrates into the non 
superconductor layer from exposed surfaces and the 
compound oxide of the exposed portion of the non-super 
conductor layer change into superconducting regions of said 
oxide superconductor while the a-axis orientated oxide 
superconductor thin ?lm is deposited and a superconducting 
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source region and a superconducting drain region which are 
isolated from the gate electrode and electrically connected to 
each other with the recovered superconducting regions and 
the superconducting channel are formed beneath the gate 
electrode. ‘ 

14. A method as claimed in claim 1, wherein the oxide 
superconductor thin ?lm is a c-axis oriented oxide super~ 
conductor thin ?lm. 

15. A method as claimed in claim 1, wherein the oxide 
superconductor thin ?lm is a Y—Ba—Cu—O—type com 
pound oxide superconductor. 

16. A method as claimed in claim 1, wherein the oxide. 
superconductor thin ?lm is a Bi—Sr—-Ca—Cu—O—type 
compound oxide superconductor. 

17. A method as claimed in claim 1, wherein the oxide 
superconductor thin ?lm is a Tl—Ba--Ca—Cu-O—type 
compound oxide superconductor. 

18. A method as claimed in claim 1, wherein the substrate 
is a single crystalline MgO substrate. 

19. A method as claimed in claim 1, wherein the substrate 
is a single crystalline SrTiO3 substrate. 

20. A method as claimed in claim 1, wherein the substrate 
is a single crystalline CdNdA1O4 substrate. 

21. A method claimed in claim 7, wherein the high-TC 
oxide superconductor is a high-TC copper-oxide type com 
pound oxide superconductor. 

22. A method as claimed in claim 11, wherein the oxide 
superconductor thin ?lm is a c-axis oriented oxide super 
conductor thin ?lm. 


